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A Vancouver/ICCV exampleA Vancouver/ICCV example



OverviewOverview

•• GoalGoal

•• Related workRelated work

•• Filling-inFilling-in

•• ExamplesExamples

•• Concluding remarksConcluding remarks



What is inpainting?What is inpainting?

•• Modifying an image in a non-detectable formModifying an image in a non-detectable form

Detail of "Cornelia, Mother of theDetail of "Cornelia, Mother of the Gracchi Gracchi" by J." by J. Suvee Suvee ( (LouvreLouvre).).
Taken from Taken from EmileEmile-Male “The Restorer’s Handbook of easel painting”.-Male “The Restorer’s Handbook of easel painting”.



Another exampleAnother example

FromFrom Geary Geary Gallery Gallery



Real world example:
Photo restoration
Real world example:
Photo restoration

•• Restorations courtesy of Photo Imaging Studio, Image Enigma, Restorations courtesy of Photo Imaging Studio, Image Enigma, Alleycat Alleycat DesignsDesigns



Real world example:
Object removal
Real world example:
Object removal

•• From D. King, “The Commissar vanishes”.From D. King, “The Commissar vanishes”.



Real world example:
Object removal
Real world example:
Object removal

•• From From wwwwww..newseumnewseum..orgorg

Lenin and friend Trotsky Where is Trotsky?



Real world example:
Object removal and missing
information

Real world example:
Object removal and missing
information

•• From From ProSpecProSpec-UK.-UK.



Related work: FilmsRelated work: Films

•• e.g.e.g. Kokaram Kokaram et al. et al.

•• Doesn’t work for stills or static objectsDoesn’t work for stills or static objects
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Related work: Texture synthesisRelated work: Texture synthesis

•• HiraniHirani, , EfrosEfros, , HeegerHeeger,,
DeBonetDeBonet, , SimoncelliSimoncelli, , ZhuZhu,,
etcetc..

•• Not practical for richNot practical for rich
regionsregions

•• Not designed forNot designed for
structured regionsstructured regions

•• “Copy” information“Copy” information
instead of “see andinstead of “see and
interpolate”interpolate”



Related work: DisocclusionRelated work: Disocclusion

•• MasnouMasnou-Morel, -Morel, NitzbergNitzberg--MumfordMumford, , etcetc..

•• Limitations: Topology, anglesLimitations: Topology, angles

See also Jacobs, Basri, Zucker, etc, and Chan-Shen ‘00, Zhu-Mumford



Our ContributionOur Contribution

•• User only selects region to User only selects region to inpaintinpaint

•• Rich background  and topology not an issueRich background  and topology not an issue

•• Less than 1 minute on a PCLess than 1 minute on a PC
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How conservators inpaintHow conservators inpaint

•• Minneapolis Institute of ArtMinneapolis Institute of Art



Approach 1Approach 1

Bertalmio, Sapiro, Caselles, Ballester,
SIGGRAPH 2000



Automatic digital inpaintingAutomatic digital inpainting

•• Propagate informationPropagate information

•• Evolutionary formEvolutionary form
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Digital inpainting (cont’d)Digital inpainting (cont’d)

•• L = smoothness estimator (L = smoothness estimator (LaplacianLaplacian))

•• N = N = isophoteisophote direction (time variant) direction (time variant)



The equationThe equation

•• Plus numerical schemes (Plus numerical schemes (OsherOsher))

•• Boundary conditionsBoundary conditions
• Gray values (in a band)

• Directions (in a band)
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ExampleExample



Example: Text removalExample: Text removal



Example: Photo restorationExample: Photo restoration



Example: Special effectsExample: Special effects



Example: Scratch removalExample: Scratch removal



Example: The evolutionExample: The evolution



Approach 1:
Concluding remarks
Approach 1:
Concluding remarks

•• Technique imitates professionalsTechnique imitates professionals

•• Key conceptsKey concepts
• Information propagation

• Both gray values and directions are needed

• Use a band surrounding the region

•• Sharp resultsSharp results

•• Low complexityLow complexity

•• Texture is not reproducedTexture is not reproduced



Concluding remarks (cont.)Concluding remarks (cont.)

•• Connected to fluid dynamics (see nextConnected to fluid dynamics (see next
talk, A. talk, A. BetozziBetozzi))

•• Opens then door to high order Opens then door to high order PDE’sPDE’s

•• Extended to aExtended to a variational variational formulation: formulation:
Approach 2...Approach 2...



Approach 2Approach 2

C. Ballester, V. Caselles, J. Verdera, M. Bertalmio, G. Sapiro
IEEE Trans. IP 2001



How conservators fill-in
(Minneapolis Institute of Art)

How conservators fill-in
(Minneapolis Institute of Art)



Our approachOur approach

•• Jointly continue/interpolate level-linesJointly continue/interpolate level-lines
(geometry) and gray values (photometry)(geometry) and gray values (photometry)
in a smooth fashionin a smooth fashion



Interpolate the gray values
given the edges
Interpolate the gray values
given the edges
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Theorem: The minimizer exists in BV space



ExampleExample



The full functionalThe full functional

•• Solved via E-L: Coupled 2nd order Solved via E-L: Coupled 2nd order PDE’sPDE’s

•• Implicit Implicit discretization discretization usedused

•• Connected to Connected to Euler’s elasticaEuler’s elastica ( (MumfordMumford))

•• Theorem:Theorem: For p>1 the  For p>1 the minimizer minimizer existsexists

)è()()è(è),min( uucuGbadivu
Band

p ∇∇••−−∇∇++∗∗∇∇++∫∫
ΩΩU



ExamplesExamples



No edge information (just gray
values, TV)
No edge information (just gray
values, TV)



ExamplesExamples



ExamplesExamples



ExamplesExamples



Approach 2:
Concluding remarks
Approach 2:
Concluding remarks

•• Technique imitates professionalsTechnique imitates professionals

•• Key conceptsKey concepts
• Information propagation

• Both gray values and directions are needed

• Use a band surrounding the region

•• Sharp resultsSharp results

•• Low complexityLow complexity

•• Texture is not (yet) reproduced Texture is not (yet) reproduced ((Zhu Zhu et al, Acton et al.)et al, Acton et al.)
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The endThe end
Thank youThank you




